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METHOD FOR CONTROLLING THE SAME 



TECHNICAL FIELD 

The present invention relates to a liquid crystal 
driving circuit for driving a liquid crystal element, a 
semiconductor chip arranged in the liquid crystal driving 
circuit, and a reference voltage buffering circuit formed in 
the semiconductor chip. 



BACKGROUND ART 

A liquid crystal panel, and a liquid crystal module 
obtained by adding a driving circuit to the liquid crystal 
panel, are known in the prior art, in which the liquid 
crystal panel includes a liquid crystal material interposed 
between a pair of glass substrates opposing each other, and 
is capable of displaying various types of visual information 
such as patterns, characters and symbols by utilizing the 
nature of the liquid crystal material of changing the light 
transmittance thereof according to the orientation thereof in 
response to a voltage applied between the pair of glass 
substrates . 



FIG. 9 is a plan view illustrating a conventional 
liquid crystal module 100. As illustrated in the figure, the 
liquid crystal module 100 can be divided into a liquid 
crystal panel 101 and a driving circuit for driving liquid 
crystal elements 102 in a liquid crystal display section 101a 
of the liquid crystal panel 101. A pair of glass substrates 
interposing a liquid crystal material therebetween are 
provided in the liquid crystal display section 101a of the 
liquid crystal panel 101. The liquid crystal elements 102 
and TFTs 103 are arranged in a matrix pattern between one of 
the glass substrates (the upper glass substrate), which is 
shown in FIG. 9, and the counter glass substrate (the lower 
glass substrate), which is not shown in FIG. 9. Each liquid 
crystal element 102 includes a liquid crystal material 
interposed between a transparent electrode formed on the 
lower surface of the upper glass substrate and a counter 
transparent electrode formed on the upper surface of the 
counter glass substrate, for example. Moreover, each TFT 103 
is a transistor connected to the transparent electrode on the 
lower surface of the upper glass substrate for controlling 
the voltage of the transparent electrode. 

Moreover, the driving circuit includes: a plurality 
of (eight in this example) source drivers 104 for controlling 
the respective source voltages of the TFTs 103; gate drivers 
105 for controlling the respective gate voltages of the TFTs 
103; a voltage production/control circuit 120 for producing 



voltage signals and control signals to be supplied to the 
source drivers 104 and the gate drivers 105; a first wiring 
substrate 110 provided between the voltage production/control 
circuit 120 and the source drivers 104; and a second wiring 
substrate 112 provided between the voltage production/control 
circuit 120 and the gate drivers 105. The first wiring 
substrate 110 and the source drivers 104 are connected to 
each other via flexible wires 111, and the second wiring 
substrate 112 and the gate drivers 105 are connected to each 
other via flexible wires 113. The source drivers 104 and the 
gate drivers 105 of the driving circuit are arranged in the 
liquid crystal panel 101 excluding the liquid crystal display 
section 101a, thus forming a so-called COG (Chip On Glass) 
type structure. The source drivers 104 are individually 
formed respectively on eight LSI chips, for example. 

In the liquid crystal panel 101, a large number of 
data lines 106 extend from the source drivers 104 of the 
driving circuit along columns shown in FIG. 9 into the liquid 
crystal display section 101a, and the data lines 106 are 
connected to the respective sources of the TFTs 103. 
Moreover, a large number of gate lines 107 extend from the 
gate drivers 105 along rows shown in FIG. 9 into the liquid 
crystal display section 101a, and the gate lines 107 are 
connected to the respective gates of the TFTs 103. The modes 
in which the voltage to be applied across the liquid crystal 
element 102 is controlled include, with the voltage polarity 



when the transparent electrode is at a higher potential than 
the counter transparent electrode being defined as 
"positive" : a mode of a first type in which the voltage of 
the TFT-side transparent electrode is controlled to voltage 
5 values in n steps (64 steps in this example) while switching 
the voltage of the counter transparent electrode to be 
positive and negative at regular time intervals; and a mode 
1=4= of a second type in which the voltage of the TFT-side 

Q transparent electrode is alternately inverted to voltage 

flLO values in n steps in the positive and negative directions (64 
p=; steps each, or 128 steps in total, in this example) at 

r\ regular time intervals while maintaining the voltage of the 

\i counter transparent electrode at a constant level (e.g., the 

%Z intermediate potential of VDD/2). Both modes are designed so 

15 that an error in brightness due to deterioration of the 
liguid crystal material can be avoided as long as the voltage 
applied across the liquid crystal element 102 is always of 
the same polarity. 

FIG. 10 is a block circuit diagram schematically 
2 0 illustrating the structure of a conventional source driver 
104A of the first type. As illustrated in the figure, the 
source driver 104A includes therein: pads 133 to which 
reference voltage wires 131 are mechanically connected; a 
reference voltage production resistor section 132 for 
25 receiving signals from the reference voltage wires 131 to 
produce subdivided reference voltages; a large number of 



voltage level selection circuits 134 connected to the 
reference voltage production resistor section 132; and output 
buffers 135 arranged on the subsequent-stage side of the 
respective voltage level selection circuits 134- Thus, 
5 voltage-related signals are produced in the source driver 
104A as much as possible, with only the reference voltage 
being externally produced. 
H The reference voltage wires 131 are wires connecting 

O the voltage production/control circuit 120 to the source 

■ :10 driver 104A, some of the reference voltage wires 131 being 
~ti the flexible wires 111. Note that other than the reference 

J\ voltage wires, data signal lines (e.g., 6 bits) are also 

i,l connected to the source driver 104A, and the first wiring 

J= =1 substrate 110 has a structure including a number of substrate 

15 layers stacked together for supporting the very large number 
of wires. 

The reference voltage production resistor section 132 
controls the orientation of one liquid crystal element 102 in 
n steps (e.g., 64 steps) so as to give n steps (e.g., 64 

20 steps) of brightness. For example, ten reference voltage 
wires 131 carrying therethrough signals of ten steps of 
voltage values different from one another are connected to 
the reference voltage production resistor section 132 so that 
the ten steps of voltage values are further subdivided into 

25 64 steps of voltage values by the reference voltage 
production resistor section 132. Moreover, the first wiring 



substrate 110 described above is for supporting the reference 
voltage wires 131, etc. 

Each voltage level selection circuit 134 receives a 
voltage signal from the reference voltage production resistor 
section 132 via n signal lines, and the voltage level 
selection circuit 134 allows a voltage signal supplied from 
one of the n signal lines passes therethrough under the 
control of a voltage selection control signal Svs so that the 
voltage signal is output to the data line 106 via the output 
buffer 135. Thus, the voltage to be applied, via the TFT 103, 
between the pair of transparent electrodes interposing the 
liquid crystal element 102 therebetween is controlled to be 
one of 64 steps by using the voltage selection control signal 
Svs, thereby controlling the brightness of light passing 
through the liquid crystal element 102. Moreover, for 
example, 384 voltage level selection circuits 134 are 
provided in each source driver 104A in a case of a color 
display. 

Moreover, FIG. 11 is a block circuit diagram 
schematically illustrating the structure of a conventional 
source driver 104B of the second type. As illustrated in the 
figure, the source driver 104B includes therein: a positive- 
side reference voltage production resistor section 132a for 
receiving a reference voltage whose potential is higher than 
that of the intermediate voltage applied to the counter 
transparent electrode; and a negative-side reference voltage 



production resistor section 132b for receiving a reference 
voltage whose potential is lower than that of the 
intermediate voltage applied to the counter transparent 
electrode. Each voltage level selection circuit 134 can be 
divided into a positive-side voltage level selection circuit 
134a for receiving the output from the positive-side 
reference voltage production resistor section 132a, and a 
negative-side voltage level selection circuit 134b for 
receiving the output from the negative-side reference voltage 
production resistor section 132b. The positive-side voltage 
level selection circuits 134a and the negative-side voltage 
level selection circuits 134b are arranged alternately. The 
output from the positive-side voltage level selection 
circuits 134a and the output from the negative-side voltage 
level selection circuits 134b are alternately switched to one 
another so as to be supplied to the output buffers 135, 135 
provided on the output side thereof, by a selector 136 
receiving the outputs from the positive-side voltage level 
selection circuit 134a and the negative-side voltage level 
selection circuit 134b according to a selector control signal 
Sse. Thus, voltage signals that are alternately switched 
between a high level and a low level at regular time 
intervals are output from the two output buffers 135, 135 
adjacent to each other. Specifically, voltages of the 
opposite polarities are always applied across the liquid 
crystal elements 102 connected to the adjacent data lines 106, 



with the polarities being inverted at regular time intervals. 
Thus, the source driver 104B provided in a liquid crystal 
module of the second type switches the voltages of the 
adjacent data lines 106 between the high level and the low 
level so that the voltage applied across each liquid crystal 
element 102 is switched between a positive value and a 
negative value at regular time intervals. 

PROBLEMS TO BE SOLVED BY THE INVENTION 

For either the first type or the second type as 
described above, it is required that there are little 
variations in the voltage value of the reference voltage to 
be supplied to the source driver 104. This is because when a 
voltage on the order of one volt is subdivided into 64 gray 
scales or 256 gray scales, for example, the voltage interval 
after the subdivision will be about 10 to 20 mV. Due to such 
a requirement, the first wiring substrate 110 and the source 
drivers 104 are connected to each other by the flexible wires 
111 whose resistance is on the order of 1 so as to supply 
the reference voltage produced by the voltage 
production/control circuit 120 with as little voltage drop as 
possible. 

However, a problem common to the conventional liquid 
crystal modules of the first and second types is the 
complexity in the structure of the reference voltage wiring 
for supplying reference voltages to the source drivers. 
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Particularly, along with the developments in image display 
systems for computer graphics, etc., there has been an 
increasing demand for subdividing the voltage signals 
supplied from the source drivers, and it is -expected that the 
number of wires will further increase. Therefore, in the 
structure illustrated in FIG. 9, the first wiring substrate 
110, which is connected to the source drivers 104 via the 
flexible wires 111, has had a complicated structure including 
a large number of substrate layers stacked together, 
presenting a factor that inhibits a reduction in the total 
cost of a liquid crystal module. 

An object of the present invention is to realize a 
reduction in the size and/or the total cost of a liquid 
crystal module by taking measures for simplifying the 
structure of the wiring for supplying reference voltages 
while suppressing the variations in the voltage value of the 
reference voltages to be supplied to the source drivers. 

DISCLOSURE OF THE INVENTION 

A liquid crystal driving circuit of the present 
invention is a liquid crystal driving circuit in which a 
plurality of source drivers for driving a liquid crystal 
element are arranged on a liquid crystal panel, the liquid 
crystal driving circuit including: a reference voltage 
production circuit for producing a plurality of reference 
voltages for driving the liquid crystal element; and a 



plurality of reference voltage wires for supplying the 
plurality of reference voltages, produced by the reference 
voltage production circuit, to the source driver circuit 
devices, respectively, the reference voltage wires extending 
through an area on the liquid crystal panel and an area on 
each of the source driver circuit devices. 

In this way, reference voltages, which in the prior 
art are supplied to the source driver circuits via wire 
members such as flexible wires, are supplied via reference 
voltage wires provided on the liquid crystal panel, whereby 
it is possible to simplify the structure of a wiring 
substrate, which in the prior art is provided for the 
reference voltage wires, etc. Therefore, it is possible to 
realize a reduction in the size and the total cost of a 
liquid crystal display device by, for example, reducing the 
number of wiring substrate layers to be stacked together. 

It is preferred that the source driver circuit device 
includes: a plurality of in-chip reference voltage wires 
extending from one end to the other end of the source driver 
circuit device for supplying a plurality of reference 
voltages different from one another; the same number of 
branch reference voltage wires branching off from the 
plurality of in-chip reference voltage wires, respectively; 
the same number of buffers for receiving and then outputting 
reference voltages supplied from the plurality of branch 
reference voltage wires, respectively; and a selection 



circuit for selecting, as a voltage for driving the liquid 
crystal element, one of the reference voltages supplied from 
the plurality of buffers. 

When the reference voltage wires are provided on the 
liquid crystal panel, a voltage drop may occur in the 
reference voltages input to the source driver circuits as a 
current flows through a reference voltage wire, due to an 
increase in the resistance value of the reference voltage 
wire between chips, etc. In contrast, when a buffer is 
provided on the preceding-stage side of the selection circuit, 
a current having passed through a buffer does not flow 
through a reference voltage wire that is connected to the 
selection circuit, whereby it is possible to supply an 
appropriate driving voltage to each liquid crystal element. 

A semiconductor integrated circuit device of the 
present invention is a "semiconductor integrated circuit 
device provided in a liquid crystal module and carrying 
thereon a source driver circuit for driving a liquid crystal 
element, wherein the source driver circuit includes: a 
plurality of in-chip reference voltage wires extending from 
one end to the other end of the semiconductor integrated 
circuit device for supplying a plurality of reference 
voltages different from one another; the same number of 
branch reference voltage wires branching off from the 
plurality of in-chip reference voltage wires, respectively; 
the same number of buffers for receiving and then outputting 



reference voltages supplied from the plurality of branch 
reference voltage wires, respectively; and a selection 
circuit for selecting, as a voltage for driving the liquid 
crystal element, one of the reference voltages supplied from 
the plurality of buffers. 

In this way, it is possible to provide a 
semiconductor integrated circuit device made of a 
semiconductor chip that can be used for providing a liquid 
crystal driving circuit as described above in which reference 
voltage wires are provided on a panel. 

It is possible to obtain a semiconductor integrated 
circuit device suitable for a liquid crystal panel for 
displaying images of an increased definition by employing a 
structure where the semiconductor integrated circuit device 
further includes a subdivided voltage production circuit for 
receiving an output voltage from each of the buffers so as to 
produce subdivided voltages obtained by subdividing the 
plurality of reference voltages, and then outputting the 
subdivided voltages to the selection circuit, wherein the 
selection circuit selects one of the subdivided voltages . 

When the buffer has an offset canceling function for 
reducing a potential difference between an input voltage and 
an output voltage, it is possible to supply a high precision 
reference voltage with little variations. 

The buffer may include: an operator for receiving an 
input voltage to the buffer at one terminal and an output 
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voltage of the operator itself at the other terminal, and 
operating so that the output voltage is equal to the input 
voltage; a capacitor including a first electrode and a second 
electrode for storing a charge corresponding to a voltage 
5 difference between the input voltage and the output voltage; 
an input-side node for introducing the input voltage to the 
operator; a first node connected to the first electrode of 
u the capacitor; a second node connected to the second 

electrode of the capacitor; a third node for receiving the 
iplO output voltage from the operator; a first switching element 
y provided between the second node and the third node; a second 

= switching element provided between the first node and a node 

hh 

vj on an input side of the operator; and a third switching 

yj 

element provided between the first node and the third node. 
Hi 5 It is possible to output more stable reference 

voltages by further including a closed circuit added to the 
second node, the closed circuit including therein a fifth 
switching element for compensating for an electric change in 
the second node due to switching of the first switching 
20 element. 

It is preferred that the buffer includes two 
buffering circuits arranged in parallel to each other between 
an input-side node for receiving an externally produced 
reference voltage as the input voltage and an output-side 
25 node for sending out the output voltage; and each of the 
buffering circuits includes: an operator for receiving the 
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input voltage at one terminal and an output voltage of the 
operator itself at the other terminal, and operating so that 
the output voltage is equal to the input voltage; a capacitor 
including a first electrode and a second electrode for 
storing a charge corresponding to a voltage difference 
between the input voltage and the output voltage; a first 
node connected to the first electrode of the capacitor; a 
second node connected to the second electrode of the 
capacitor; a third node for receiving an output signal from 
the operator; a first switching element provided between the 
second node and the third node; a second switching element 
provided between the first node and the input-side node; a 
third switching element provided between the first node and 
the output-side node; and a fourth switching element provided 
between the third node and the output-side node. 

In this way, while a capacitor is storing a charge 
corresponding to an offset voltage in one of the buffering 
circuits, the buffering circuit can be electrically cut off 
from an output-side node, with an offset-canceled reference 
voltage being output from the other buffering circuit to the 
output-side node. Then, it is possible to always output an 
offset-canceled reference voltage by alternately reversing 
the state, and to reduce the inactive period during which the 
output needs to be stopped. 

A reference voltage buffering circuit of the present 
invention is a reference voltage buffering circuit provided 

14 



in a source driver circuit for driving a liquid crystal 
element of a liquid crystal module, wherein: the reference 
voltage buffering circuit includes two buffering circuits 
arranged in parallel to each other between an input-side node 
5 for receiving an externally produced reference voltage as an 
input voltage and an output-side node for sending out an 
output voltage; and each of the two buffering circuits 
includes : an operator for receiving the input voltage at one 
terminal and an output voltage of the operator itself at the 

10 other terminal, and operating so that the output voltage is 
equal to the input voltage; a capacitor including a first 
electrode and a second electrode for storing a charge 
corresponding to a voltage difference between the input 
voltage and the output voltage; a first node connected to the 

15 first electrode of the capacitor; a second node connected to 
the second electrode of the capacitor; a third node for 
receiving an output signal from the operator; a first 
switching element provided between the second node and the 
third node; a second switching element provided between the 

20 first node and the input side of the operator; a third 
switching element provided between the first node and the 
output-side node; and a fourth switching element provided 
between the third node and the output-side node. 

In this way, while a capacitor is storing a charge 

25 corresponding to an offset voltage in one of the buffering 
circuits , the buffering circuit can be electrically cut off 



from an output-side node, with an offset-canceled reference 
voltage being output from the other buffering circuit to the 
output-side node. Then, it is possible to always output an 
offset-canceled reference voltage by alternately reversing 
the state. 

The reference voltage buffering circuit may further 
include a closed circuit added to the second node, the closed 
circuit including therein a fifth switching element for 
compensating for an electric change in the second node due to 
switching of the first switching element. In this way, it is 
possible to compensate for the variations in the voltage at 
the second node by canceling the parasitic capacitance of the 
second switching element, thereby stabilizing the output 
voltage from the operator. 

A method for controlling a reference voltage 
buffering circuit of the present invention is a method for 
controlling a reference voltage buffering circuit, including 
two buffering circuits arranged in parallel to each other, 
each of the buffering circuits including: an operator 
provided between an input-side node and an output-side node 
for operating so that an output voltage is equal to an input 
voltage; a capacitor including a first electrode and a second 
electrode; a first node connected to the first electrode of 
the capacitor; a second node connected to the second 
electrode of the capacitor; a third node for receiving an 
output signal from the operator; a first switching element 
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provided between the second node and the third node; a second 
switching element provided between the first node and the 
input side of the operator; a third switching element 
provided between the first node and the output-side node; and 
a fourth switching element provided between the third node 
and the output-side node, wherein: in each of - the buffering 
circuits , in an output mode in which a reference voltage is 
output from the buffering circuit, the third and fourth 
switching elements are placed in a conductive state while the 
first and second switching elements are placed in a non- 
conductive state; and in a charge storing mode in which the 
capacitor of the buffering circuit stores a charge, the third 
and fourth switching elements are placed in a non-conductive 
state while the first and second switching elements are 
placed in a conductive state. 

With this method, while a capacitor is storing a 
charge corresponding to an offset voltage in one of the 
buffering circuits, the buffering circuit can be electrically 
cut off from an output-side node, with an offset-canceled 
reference voltage being output from the other buffering 
circuit to the output-side node. Then, it is possible to 
always output an of f set -canceled reference voltage by 
alternately reversing the state, and to reduce the inactive 
period during which the output needs to be stopped. 

The reference voltage buffering circuit may further 
include a closed circuit added to the second node, the closed 

17 



circuit including therein a fifth switching element for 
canceling out an electric change in the second node due to 
switching of the first switching element; and when the first 
switching element is switched between a conductive state and 
a non-conductive state from one to another, the fifth 
switching element may be switched reversely in an 
interlocking manner. In this way, it is possible to output a 
stable reference voltage from the operator as described above. 

When switching from a state where one of the two 
buffering circuits is in the output mode while the other 
buffering circuit is in the charge storing mode to another 
state where the one buffering circuit is in the charge 
storing mode while the other buffering circuit is in the 
output mode, the third and fourth switching elements of the 
other buffering circuit may be switched to a conductive state 
after the third and fourth switching elements of the one 
buffering circuit are switched to a non-conductive state. In 
this way, it is possible to reliably prevent an offset 
reference voltage from being output to the output-side node 
also when switching a control mode to another. 

When the third and fourth switching elements of the 
one buffering circuit are switched to a non-conductive state, 
the third switching element may be switched to a non- 
conductive state after the fourth switching element is 
switched to a non-conductive state. When the third and 
fourth switching elements of the other buffering circuit are 
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switched to a conductive state, the fourth switching element 
may be switched to a conductive state after the third 
switching element is switched to a conductive state. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a liquid crystal module used 
in each embodiment of the present invention. 

FIG. 2 is a block circuit diagram schematically 
illustrating the structure of a source driver of a first type 
10 according to a first embodiment. 

FIG. 3 is an electric circuit diagram illustrating 
the structure of a reference voltage production resistor 
section of the source driver of the first type according to 
the first embodiment. 
15 FIG. 4(a), FIG. 4(b) and FIG. 4(c) are electric 

circuit diagrams illustrating the structure of a reference 
voltage production buffer having an offset canceling function, 
and a switch opening/closing control therefor, according to 
the first embodiment. 
20 FIG. 5 is an electric circuit diagram illustrating 

the structure of a reference voltage production buffer of a 
second embodiment. 

FIG. 6(a) and FIG. 6(b) are timing charts 
illustrating the procedure of controlling the opening/closing 
25 of each switch of the reference voltage production buffer of 
the second embodiment, and a variation thereof. 
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FIG. 7 is a block circuit diagram schematically 
illustrating the structure of a source driver of a second 
type according to a third embodiment. 

FIG. 8 is a circuit diagram illustrating the 
structure of a positive-side reference voltage production 
resistor section and that of a negative-side reference 
voltage production resistor section according to the third 
embodiment . 

FIG. 9 is a plan view of a conventional liquid 
crystal module. 

FIG. 10 is a block circuit diagram schematically 
illustrating the structure of a conventional source driver of 
the first type. 

FIG. 11 is a block circuit diagram schematically 
illustrating the structure of a conventional source driver of 
the second type. 

BEST MODE FOR CARRYING OUT THE INVENTION 
- FIRST EMBODIMENT - 

FIG. 1 is a plan view of a liquid crystal module 90 
used in each embodiment of the present invention. As 
illustrated in the figure, the liquid crystal module 90 used 
in the each embodiment of the present invention can be 
divided into a liquid crystal panel 1 and a driving circuit 
for driving liquid crystal elements 2 in a liquid crystal 
display section la of the liquid crystal panel 1. A pair of 
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glass substrates interposing a liquid crystal material 
therebetween are provided in the liquid crystal display 
section la of the liquid crystal panel 1. The liquid crystal 
elements 2 and TFTs 3 are arranged in a matrix pattern 
between one of the glass substrates (the upper glass 
substrate), which is shown in FIG. 1, and the counter glass 
substrate (the lower glass substrate), which is not shown in 
FIG. 1. Each liquid crystal element 2 includes a liquid 
crystal material interposed between a transparent electrode 
formed on the lower surface of the upper glass substrate and 
a counter transparent electrode formed on the upper surface 
of the counter glass substrate, for example. Moreover, each 
TFT 3 is a transistor connected to the transparent electrode 
on the lower surface of the upper glass substrate for 
controlling the voltage of the transparent electrode. 
Moreover, although not shown in FIG. 1, a color filter, the 
lower glass substrate, the counter transparent electrode, a 
polarization filter, etc., are provided, with a light 
illumination section, and the like, being provided underneath, 
The pair of glass substrates, the liquid crystal material, 
the transparent electrodes, the TFTs, the color filter, the 
polarization filter, etc., together form the liquid crystal 
panel 1. 

Moreover, the driving circuit includes: a plurality 
of (eight in this example) source drivers 4 for controlling 
the respective source voltages of the TFTs 3 ; gate drivers 5 



for controlling the respective gate voltages of the TFTs 3; 
and a voltage production/control circuit 20 for producing 
voltage signals and control signals to be supplied to the 
source drivers 4 and the gate drivers 5. Moreover, the 
5 liquid crystal module 90 includes: a first wiring substrate 
10 provided between the voltage production/control circuit 20 
and the source drivers 4; and a second wiring substrate 12 
provided between the voltage production/control circuit 20 

O 

O and the gate drivers 5. The first wiring substrate 10 and 
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€J10 the source drivers 4 are connected to each other via flexible 

4% 

wJ wires 11, and the second wiring substrate 12 and the gate 

drivers 5 are connected to each other via flexible wires 13. 

y% The source drivers 4 and the gate drivers 5 of the driving 

circuit are arranged on the glass substrate of the liquid 

? °15 crystal panel 1, thus forming a so-called COG (Chip On Glass) 
type structure. The source drivers 4 are individually formed 
respectively on eight LSI chips, for example. 

In the liquid crystal panel 1, a large number of data 
lines 6 extend from the source drivers 4 of the driving 
2 0 circuit along columns shown in FIG. 1 into the liquid crystal 
display section la, and the data lines 6 are connected to the 
respective sources of the TFTs 3. Moreover, a large number 
of gate lines 7 extend from the gate drivers 5 along rows 
shown in FIG. 1 into the liquid crystal display section la, 
25 and the gate lines 7 are connected to the respective gates of 
the TFTs 3. 
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A feature of the present embodiment is that the 
reference voltage wires are not included in the flexible 
wires 11, but are provided separately as lead-side reference 
voltage wires 15 between the voltage production/control 
5 circuit 20 and one source driver 4, in combination with 
inter-chip reference voltage wires 16 (on-panel reference 
voltage wires) provided between the source drivers 4 and each 
made of a conductive line whose resistance value is on the 
order of 100 , and further with a plurality of (ten in the 

10 present embodiment) in-chip reference voltage wires that are 
formed in each source driver 4 so as to form a single 
continuous wiring structure together with the inter-chip 
reference voltage wires 16. The flexible wires 11 only 
include data supply wires, wires for supplying signals for 

15 controlling circuits in the source drivers 4, wires for 
supplying voltages for driving transistors of the circuits, 
etc. 

FIG. 2 is a block circuit diagram schematically 
illustrating the structure of a source driver 4A of the first 

20 type according to the first embodiment. As illustrated in 
the figure, in the source driver 4A, which is made of an LSI 
chip, ten in-chip reference voltage wires 17 each made of a 
conductive line whose resistance value ranges from values on 
the order of 1 to values on the order of 100 are formed 

25 to extend from one end to the other end of the LSI chip. At 
both ends of each in-chip reference voltage wire 17, an 



input-side pad 18a and an output-side pad 18b are provided 
for mechanical connection of the inter-chip reference voltage 
wire 16. Moreover, in the source driver 4A, a branch 
reference voltage wire 17a is provided branching off from 
each in-chip reference voltage wire 17 . The source driver 4A 
includes: the same number of reference voltage production 
buffers 31 as the branch reference voltage wires 17a; a 
control circuit 30 for controlling the reference voltage 
production buffers 31; a reference voltage production 
resistor section 32 for receiving signals from the reference 
voltage production buffers 31 to subdivide the reference 
voltage into values of n steps (e.g., 64 steps); a large 
number of voltage level selection circuits 34 connected to 
the reference voltage production resistor section 32; and 
output buffers 35 arranged on the subsequent-stage side of 
the respective voltage level selection circuits 34. 

Each voltage level selection circuit 34 receives a 
voltage signal from the reference voltage production resistor 
section 32 via n signal lines, and the voltage level 
selection circuit 34 allows a voltage signal supplied from 
one of the n signal lines passes therethrough under the 
control of a voltage selection control signal Svs so that the 
voltage signal is output to the data line 6 via the output 
buffer 35. Thus, the voltage to be applied, via the TFT 03, 
between the pair of transparent electrodes interposing the 
liquid crystal element 2 therebetween is controlled to be one 



of 64 steps by using the voltage selection control signal Svs, 
thereby controlling the brightness of light passing through 
the liquid crystal element 2. Moreover, for example, 384 
voltage level selection circuits 34 are provided in each 
source driver 4A in a case of a color display. 

FIG. 3 is an electric circuit diagram illustrating 
the structure of the reference voltage production resistor 
section 32. As illustrated in the figure, the reference 
voltage production resistor section 32 includes (n-1) (63 in 
this example) resistors Rl to R63 connected together in 
series. It is designed so as to receive reference voltages 
VREFO to VREF9, subdivided in ten steps, from the respective 
branch reference voltage wires 17a, and then output voltage 
signals VO to V63, subdivided in 64 steps, from the nodes 
between the resistors Rl to R63. 

In the conventional liquid crystal module 100 
illustrated in FIG. 9, a large number of wires, including the 
reference voltage wires, are carried on the first wiring 
substrate 110, and the reference voltages are supplied to the 
source drivers 104 via the flexible wires 111. In contrast, 
in the liquid crystal module 90 of the present embodiment 
illustrated in FIG. 1 to FIG. 3, the reference voltages are 
supplied from the voltage production/control circuit 20 to 
the source drivers 4 via the reference voltage wires 15, 16 
and 17. Therefore, wires for supplying the reference 
voltages do not need to be carried on the first wiring 
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substrate 10, thereby accordingly simplifying the structure 
of the first wiring substrate 10. Thus, it is possible to 
realize a reduction in the size and the total cost of the 
liquid crystal module 90 by simplifying the structure of the 
first wiring substrate, which in the prior art is obtained by 
stacking together a large number of substrates. 

As described above, the resistance value of the 
reference voltage wires 131 in the first wiring substrate 110 
in the conventional liquid crystal module 100 is on the order 
of 1 , whereas the resistance value of the reference voltage 
wires 15, the in-chip reference voltage wires 17 and the 
inter-chip reference voltage wires 16 in the liquid crystal 
module 90 of the present embodiment ranges from values on the 
order of 1 to values on the order of 100 . Therefore, 
greater voltage drops are more likely to occur in the 
reference voltages to be received by those source drivers 4 
that are further away from the voltage production/control 
circuit 20. 

In view of this, in the present embodiment, the 
reference voltage production buffer 31 is provided 
immediately before the reference voltage production resistor 
section 32 of each source driver 4, so that there is no 
current that flows into/out of a reference voltage production 
resistor via a reference voltage wire, thereby suppressing a 
voltage drop even when the resistances of the reference 
voltage wires 15, 16, 17 and 17a are on the order of 100 



Furthermore, measures for reducing as much as 
possible the difference between the input voltage and the 
output voltage (the offset voltage) of the reference voltage 
production buffer 31 are also taken. This will be described 
below. 

FIG. 4(a), FIG. 4(b) and FIG. 4(c) are electric 
circuit diagrams illustrating the structure of a reference 
voltage production buffer 31A having an offset canceling 
function, and a switch opening/closing control therefor, 
according to the present embodiment. 

As illustrated in FIG. 4(a), the reference voltage 
production buffer 31A includes an operational amplifier OPa, 
a capacitor Coff, and four switches SWal, swa2, SWbl and SWb2. 
A non-inverted input terminal of the operational amplifier 
OPa is connected to the branch reference voltage wire 17a, 
which is an input-side signal line, via the input-side node 
NO. An inverted input terminal of the operational amplifier 
OPa is connected to one electrode of the capacitor Coff via a 
node N2. Moreover, the other electrode of the capacitor Coff 
is connected to a node Nl, and the switch Sa2 is provided 
between the node Nl and the node NO. A closed circuit 
including the switch SWbl therein is added to the node N2 . 
An output-side terminal of the operational amplifier OPa is 
connected to a node N3, while the switch SWal is provided 
between the node N3 and the node N2 and the switch SWb2 is 
provided between the node N3 and the node Nl. The switches 
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SWal and SWa2 are opened/closed by a control signal Sa output 
from the control circuit 30, and the switches SWbl and SWb2 
are opened/closed by a control signal Sb (a control signal 
that is different from the control signal Sa) output from the 
5 control circuit 30. Normally, the switches SWal, SWa2, SWbl 
and SWb2 are each made of a MOS transistor. The switch SWbl 
is an operation compensation switch whose ON/ OFF operation is 
M inverted from that of the switch SWal so as to cancel the 

parasitic capacitance of the switch SWal. 
^3 io In the reference voltage production buffer 31A, no 

~i current will flow from the input-side node NO into the node 

N3 because of the presence of the operational amplifier OPa 
therebetween. Moreover, while a common operational amplifier 
functions as a differential amplifier for amplifying the 
~15 difference between voltages received respectively from the 
two input terminals, the operational amplifier OPa in the 
present embodiment has a negative feedback type structure 
that provides a feedback by using one of the output voltages 
as an input voltage. The operational amplifier OPa having 
20 such a structure operates so that an output voltage Vout is 
equal to an input voltage Vin. However, with only the 
operational amplifier OPa being provided, a certain degree of 
potential difference, i.e., an offset voltage Voff, occurs 
between the input-side node NO and the output-side node N3. 
25 In view of this, the capacitor Coff is provided so as to 
cancel the offset voltage Voff. 



The operation of the reference voltage production 
buffer 31A will be described with reference to FIG. 4(b) and 
FIG. 4(c). First, as illustrated in FIG. 4(b), the switches 
SWal and swa2 are closed (turned ON) and the switches SWbl 
and SWb2 are opened (turned OFF). At this time, the voltage 
at the node Nl equals the voltage value of the input voltage 
Vin, and the voltage at the node N2 equals a voltage value 
(Vin+Voff) obtained by adding the voltage value of the input 
voltage Vin to the offset voltage Voff of the operational 
amplifier OPa. Therefore, a charge corresponding to the 
offset voltage Voff of the operational amplifier OPa is 
stored in the capacitor Coff. 

Then, as illustrated in FIG. 4(c) , the switches SWal 
and SWa2 are opened (turned OFF) and the switches SWbl and 
SWb2 are closed (turned ON) so that the charge having been 
stored in the capacitor Coff is not discharged. Then, a 
voltage obtained by canceling the offset voltage Voff is 
output as the output voltage Vout. In this way, it is 
possible to output a voltage that is generally equal to the 
voltage value of the input voltage Vin. Thereafter, the 
connection as illustrated in FIG. 4(b) and the connection as 
illustrated in FIG. 4(c) are alternately switched to one 
another at regular time intervals (the interval is not 
necessarily one clock cycle) so as to effect the offset 
canceling function. 

By providing the reference voltage production buffer 



31A with the offset canceling function as described above 
added thereto, it is possible to supply a high-precision 
voltage value, as a reference voltage before subdivision, 
from the reference voltage wire 17 to the reference voltage 
5 production resistor section 32, and thus to suppress the 
variations in the control voltage values to be applied to the 
liquid crystal elements 2. 

- SECOND EMBODIMENT - 

10 In the reference voltage production buffer 31A of the 

first embodiment having the offset canceling function as 
illustrated in FIG. 4(a), a reference voltage value supplied 
from a reference voltage wire is offset to the voltage at the 
node N3 being (Vin+Voff), and this offset reference voltage 

15 is output in the state illustrated in FIG. 4(b) . However, 
it is necessary to keep the state of FIG. 4(b) until the 
capacitor Coff is charged with the offset voltage Voff. As 
this time period increases, the time period during which the 
offset-canceled voltage value is supplied to the reference 

20 voltage production resistor section 32 as a reference voltage 
is shortened. Therefore, it may not be possible to address 
lower voltages and higher definitions that may be achieved in 
the future. 

In view of this, an example where a reference voltage 
25 production buffer capable of more reliably realizing the 
offset cancellation is provided will be described in the 



present embodiment- The present embodiment employs the basic 
structures of the liquid crystal module 90 , the source 
drivers 4 and the reference voltage production resistor 
section 32 as those in the first embodiment (see FIG. 1 to 
5 FIG. 3). 

FIG. 5 is an electric circuit diagram illustrating 
the structure of a reference voltage production buffers 31B 
of the present embodiment. The reference voltage production 
buffers 31B of the present embodiment includes: a first 

10 buffering circuit 31Ba including the operational amplifier 
OPa, the capacitor Coff and five switches SWal, SWa2, swbl, 
SWb2 and SWc; and a second buffering circuit 31Bb including 
the operational amplifier OPa, the capacitor Coff and five 
switches SWal, SWa2 , SWbl, SWb2 and SWd. In the first 

15 buffering circuit 31Ba, the non-inverted input terminal of 
the operational amplifier OPa is connected to the branch 
reference voltage wire 17a, which is an input-side signal 
line, via the input-side node NO. The inverted input 
terminal of the operational amplifier OPa is connected to one 

20 of the electrodes of the capacitor Coff via a node N2a. 
Moreover, the other electrode of the capacitor Coff is 
connected to a node Nla, and the switch SWa2 is provided 
between the node Nla and the node NO. A closed circuit 
including the switch SWbl therein is added to the node N2a. 

25 An output-side terminal of the operational amplifier OPa is 
connected to a node N3a, while the switch SWal is provided 



between the node N3a and the node N2a. Furthermore, the 
switch SWc is provided between an output-side node N4, which 
is to be a reference signal output section, and the node N3a, 
and the switch SWb2 is provided between the output-side node 
N4 and the node Nla. Moreover, the control circuit 30 
outputs control signals Sa, Sb, Sc and Sd, which are 
different from one another - 

The second buffering circuit 31Bb includes the switch 
SWd in place of the switch SWc in the first buffering circuit 
31Ba, the switches SWbl and SWb2 in place of the switches 
SWal and SWa2, the switches SWal and SWa2 in place of the 
switches SWbl and SWb2, and nodes Nib, N2b and N3b in place 
of the nodes Nla, N2a and N3a, respectively. In the first 
buffering circuit 31Ba and the second buffering circuit 31Bb, 
the switches SWal and SWa2 are opened/closed by the control 
signal Sa output from the control circuit 30, the switches 
SWbl and SWb2 are opened/closed by the control signal Sb 
output from the control circuit 30, the switch SWc is 
opened/closed by the control signal Sc output from the 
control circuit 30, and the switch SWd is opened/closed by 
the control signal Sd output from the control circuit 30. 
Thus, it can be considered that the first buffering circuit 
3lBa and the second buffering circuit 3lBb have basically the 
same circuit structure, with only the opening/closing control 
of the switches SW being reversed. 

In the first embodiment, as illustrated in FIG. 4(a), 
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a common node (N3) is used in the reference voltage 
production buffer 31A as the node on the output side of the 
switch SWb2 and as the node on the output side of the switch 
SWal. In contrast, in each of the buffering circuits 31Ba 
and 31Bb of the reference voltage production buffers 3 IB of 
the present embodiment illustrated in FIG. 5, the node on the 
output side of the switches SWb2 and SWa2 is connected 
directly to (forming a common node with) the output-side node 
N4 for outputting the output voltage Vout, while the nodes on 
the output side of the switches SWal and SWbl are connected 
directly to (forming a common node with) the nodes N3a and 
N3b between the output side of the operational amplifier OPa 
and the switches SWc and SWd, respectively. 

FIG. 6(a) is a timing chart illustrating the 
procedure of controlling the opening/closing of each switch 
of the reference voltage production buffers 31B of the 
present embodiment. First, at timing to, the control signals 
Sa and Sd are at a high level and the control signals Sb and 
Sc are at a low level, thereby closing (turning ON) the 
switches SWal, SWa2 and SWd while opening (turning OFF) the 
switches SWbl, SWb2 and SWc. Thus, the first buffering 
circuit 3lBa is cut off from the output-side node N4, and a 
reference voltage is output from the node N3b of the second 
buffering circuit 31Bb to the output-side node N4, which is 
the reference signal output section. At this time, the 
connection of the second buffering circuit 31Bb is 
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substantially the same as that illustrated in FIG. 4(c), 
whereby an offset-canceled reference voltage is output from 
the output-side node N4, as already described above. On the 
other hand, the connection of the first buffering circuit 
31Ba is substantially the same as that illustrated in FIG. 
4(b), and the capacitor Coff is being charged with the offset 
voltage Voff. 

Then, at timing tl, the state transitions to another 
with only the control signal Sd transitioning to the low 
level, thereby opening (turning OFF) the switch SWd. Then, 
at timing t2, the control signal Sa transitions to the low 
level, thereby opening (turning OFF) the switches SWal and 
SWa2, and thus cutting off the second buffering circuit 3lBb 
and the output-side node N4 from each other. On the other 
hand, the switches SWb2 and SWc of the first buffering 
circuit 3lBa remain open, whereby the first buffering circuit 
31Ba and the output-side node N4 are also cut off from each 
other. 

Then, at timing t3, the control signal Sb transitions 
to the high level, thereby closing (turning ON) the switches 
SWbl and SWb2, and at timing t4 , the control signal Sc 
transitions to the high level, thereby closing (turning ON) 
the switch SWc. Thus, the first buffering circuit 31Ba is 
turned into the state illustrated in FIG. 4(c), thereby 
outputting an offset-canceled reference voltage to the 
output-side node N4. In the second buffering circuit 3lBb, 
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on the other hand, the switches SWbl and SWb2 are closed so 
that the capacitor Coff transitions to a charging state, but 
the second buffering circuit 3lBb is cut off from the output- 
side node N4 since the switches SWa2 and SWd are open. 
5 Therefore, through timings tl to t4, an output 

voltage (Vin+Voff) including the offset voltage Voff is not 
output, as the output voltage Vout, to the reference voltage 
production resistor section 32, whereby it is possible to 
supply only of f set -canceled reference voltages except for a 

10 time period of several clock cycles. 

Then, through timings t5 to t7, the switches SW are 
opened/closed in the reverse order from that through timings 
tl to t4 as described above. Specifically, after the first 
buffering circuit 31Ba and the second buffering circuit 31Bb 

15 are cut off from the output-side node N4, the first buffering 
circuit 31Ba is switched to a charging state, and then 
switching is done so as to output an offset-canceled 
reference voltage from the second buffering circuit 3lBb to 
the output-side node N4. 

20 On the other hand, between timings t2 and t3 and 

between timings t6 and t7, a produced signal is not output 
from either one of the buffering circuits 31Ba and 3lBb of 
the reference voltage production buffers 3 IB. However, each 
of these inactive periods is only about several clock cycles. 

25 In the present embodiment, the offset canceling 

function can be obtained more reliably in addition to the 



effect of the first embodiment described above. Specifically, 
with a single buffering circuit having the offset canceling 
function , it is required, due to its structure, that an 
output voltage including an offset voltage is output, or 
otherwise the output is stopped, during the charging period 
for realizing the offset cancellation. Therefore, the 
inactive period during which no reference voltage is output 
may be long. 

In contrast, in the present embodiment, while one 
production circuit 31Ba (or 31Bb) is being charged, the other 
production circuit 31Bb (or 3lBa) can be operated to output 
an offset-canceled reference voltage, whereby it is possible 
to output only offset-canceled reference voltages while 
suppressing the inactive period to a length of about several 
clock cycles. 

FIG. 6(b) is a timing chart according to a variation 
of the present embodiment, in which timings tl and t2 are 
aligned with each other while timings t3 and t4 are aligned 
with each other. This variation is advantageous in that 
effects as those of the present embodiment can be provided, 
while the amount of time required for switching the first 
buffering circuit 31a and the second buffering circuit 31b 
between the charging state and the output state can be 
shortened from that of the timing chart illustrated in FIG. 



- THIRD EMBODIMENT - 

A liquid crystal module including source drivers of 
the second type will be described in the present embodiment. 

FIG. 7 is a block circuit diagram schematically 
illustrating the structure of a source driver 4B of the 
second type according to the present embodiment. As 
illustrated in the figure, the source driver 4B includes 
therein: a positive-side reference voltage production 
resistor section 32a for receiving a reference voltage whose 
potential is higher than that of the intermediate voltage 
applied to the counter transparent electrode; and a negative- 
side reference voltage production resistor section 32b for 
receiving a reference voltage whose potential is lower than 
that of the intermediate voltage applied to the counter 
transparent electrode. Each voltage level selection circuit 
34 can be divided into a positive-side , voltage level 
selection circuit 34a for receiving the output from the 
positive-side reference voltage production resistor section 
32a, and a negative-side voltage level selection circuit 34b 
for receiving the output from the negative-side reference 
voltage production resistor section 32b. The positive-side 
voltage level selection circuits 34a and the negative-side 
voltage level selection circuits 34b are arranged alternately. 
The output from the positive-side voltage level selection 
circuits 34a and the output from the negative-side voltage 
level selection circuits 34b are alternately switched to one 
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another so as to be supplied to the output buffers 35, 35 
provided on the output side thereof, by the selector 36 
receiving the outputs from the positive-side voltage level 
selection circuit 34a and the negative-side voltage level 
5 selection circuit 34b according to the selector control 
signal Sse. Thus, voltage signals that are alternately 
switched between the high level and the low level at regular 
time intervals are output from the two output buffers 35, 35 
adjacent to each other. Specifically, voltages of the 

10 opposite polarities are always applied across the liquid 
crystal elements 2 connected to the adjacent data lines 6, 
with the polarities being inverted at regular time intervals. 
Thus, the source driver 4B provided in a liquid crystal 
module of the second type switches the voltages of the 

15 adjacent data lines 6 between the high level and the low 
level so that the voltage applied across each liquid crystal 
element 2 is switched between a positive value and a negative 
value at regular time intervals . 

Moreover, FIG. 8 is a circuit diagram illustrating 

20 the structure of the positive-side reference voltage 
production resistor section 32a and that of the negative-side 
reference voltage production resistor section 32b of the 
present embodiment. As illustrated in the figure, the 
positive-side reference voltage production resistor section 

25 32a includes (n-1) (63 in this example) resistors Rl to R63 
connected together in series. It is designed so as to 



receive reference voltages VREFO to VREF4, subdivided in five 
steps, from the respective branch reference voltage wires 17a , 
and then output voltage signals VO to V63, subdivided in 64 
steps, from the nodes between the resistors Rl to R63 . The 
5 negative-side reference voltage production resistor section 
32b includes (n-1) (63 in this example) resistors R65 to R127 
connected together in series. It is designed so as to 
receive reference voltages VREF5 to VREF9, subdivided in five 
steps, from the respective branch reference voltage wires 17a, 

10 and then output voltage signals V65 to V127, subdivided in 64 
steps, from the nodes between the resistors R65 to R127. 

In the present embodiment, either the first 
embodiment or the second embodiment may be employed for the 
structure of the reference voltage production buffers 31. 

15 Also in the liguid crystal module of the present embodiment, 
as in the first embodiment, reference voltages are supplied 
from the voltage production/control circuit 20 to the source 
drivers 4 via the reference voltage wires 15, 16, 17 and 17a. 
Therefore, the wires for supplying reference voltages do not 

20 need to be carried on the first wiring substrate 10, whereby 
it is possible to accordingly simplify the structure of the 
first wiring substrate 10. Thus, it is possible to realize a 
reduction in the size and the total cost of the liquid 
crystal module by simplifying the structure of the second 

25 wiring substrate, which in the prior art is obtained by 
stacking together a large number of substrates. 



Moreover , it is possible to suppress the variations 
in the voltage value to be applied across each liquid crystal 
element 2 due to a voltage drop, by arranging the reference 
voltage production buffer 31A (or 3 IB) as illustrated in FIG. 
4(a) or FIG- 5 immediately before the positive- or negative- 
side reference voltage production resistor section 32a or 32b. 

According to the present invention, reference voltage 
wires are provided for connecting semiconductor integrated 
circuit devices functioning as source drivers in series with 
one another on the liquid crystal panel, thus taking measures 
for avoiding a voltage drop in the reference voltage in the 
source drivers- Therefore, it is possible to provide a 
liquid crystal driving circuit, a semiconductor integrated 
circuit device, a reference voltage buffering circuit, and a 
method for controlling the same, that are suitable for use in 
a liquid crystal module having a reduced size and a reduced 
total cost. 

INDUSTRIAL APPLICABILITY 

The liquid crystal driving circuit, the semiconductor 
integrated circuit device, the reference voltage buffering 
circuit, and the method for controlling the same, of the 
present invention can be used in display devices of various 
types of electric equipment such as personal computers, 
television sets, VCRs and video game machines. 
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CLAIMS 

1 . A liquid crystal driving circuit in which a 
plurality of source driver circuit devices for driving a 
liquid crystal element are arranged on a liquid crystal panel, 
5 the liquid crystal driving circuit comprising: 

a reference voltage production circuit for producing 
a plurality of reference voltages for driving the liquid 
crystal element; and 

a plurality of reference voltage wires for supplying 
10 the plurality of reference voltages, produced by the 
reference voltage production circuit, to the source driver 
circuit devices, respectively, the reference voltage wires 
extending through an area on the liquid crystal panel and an 
area on each of the source driver circuit devices. 
15 2. The liquid crystal driving circuit of claim 1, 

each of the source driver circuit devices including: 

a plurality of in-chip reference voltage wires 
extending from one end to the other end of the source driver 
circuit device for supplying a plurality of reference 
2 0 voltages different from one another; 

the same number of branch reference voltage wires 
branching off from the plurality of in-chip reference voltage 
wires, respectively; 

the same number of buffers for receiving and then 
25 outputting reference voltages supplied from the plurality of 
branch reference voltage wires, respectively; and 
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a selection circuit for selecting, as a voltage for 
driving the liquid crystal element, one of the reference 
voltages supplied from the plurality of buffers. 

3 . A semiconductor integrated circuit device provided 
5 in a liquid crystal module and carrying thereon a source 

driver circuit for driving a liquid crystal element, wherein 

the source driver circuit includes: 

a plurality of in-chip reference voltage wires 

extending from one end to the other end of the semiconductor 
10 integrated circuit device for supplying a plurality of 

reference voltages different from one another; 

the same number of branch reference voltage wires 

branching off from the plurality of in-chip reference voltage 

wires, respectively; 
15 the same number of buffers for receiving and then 

outputting reference voltages supplied from the plurality of 

branch reference voltage wires, respectively; and 

a selection circuit for selecting, as a voltage for 

driving the liquid crystal element, one of the reference 
20 voltages supplied from the plurality of buffers. 

4 . The semiconductor integrated circuit device of 
claim 3, further including a subdivided voltage production 
circuit for receiving an output voltage from each of the 
buffers so as to produce subdivided voltages obtained by 

25 subdividing the plurality of reference voltages, and then 
outputting the subdivided voltages to the selection circuit, 
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wherein the selection circuit selects one of the 
subdivided voltages. 

5. The semiconductor integrated circuit device of 
claim 3 or 4, 

wherein the buffer has an offset canceling function 
for reducing a potential difference between an input voltage 
and an output voltage. 

6 . The semiconductor integrated circuit device of 
claim 5, wherein the buffer includes: 

an operator for receiving an input voltage to the 
buffer at one terminal and an output voltage of the operator 
itself at the other terminal, and operating so that the 
output voltage is equal to the input voltage; 

a capacitor including a first electrode and a second 
electrode for storing a charge corresponding to a voltage 
difference between the input voltage and the output voltage; 

an input-side node for introducing the input voltage 
to the operator; 

a first node connected to the first electrode of the 
capacitor; 

a second node connected to the second electrode of 
the capacitor; 

a third node for receiving the output voltage from 
the operator; 

a first switching element provided between the second 
node and the third node; 
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a second switching element provided between the first 
node and a node on an input side of the operator; and 

a third switching element provided between the first 
node and the third node. 

7. The semiconductor integrated circuit device of 
claim 6, further including a closed circuit added to the 
second node, the closed circuit including therein a fifth 
switching element for compensating for an electric change in 
the second node due to switching of the first switching 
element - 

8. The semiconductor integrated circuit device of 
claim 5, wherein: 

the buffer includes two buffering circuits arranged 
in parallel to each other between an input- side node for 
receiving an externally produced reference voltage as the 
input voltage and an output-side node for sending out the 
output voltage; and 

each of the buffering circuits includes: 

an operator for receiving the input voltage at one 
terminal and an output voltage of the operator itself at the 
other terminal, and operating so that the output voltage is 
equal to the input voltage; 

a capacitor including a first electrode and a second 
electrode for storing a charge corresponding to a voltage 
difference between the input voltage and the output voltage; 

a first node connected to the first electrode of the 
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capacitor; 

a second node connected to the second electrode of 
the capacitor; 

a third node for receiving an output signal from the 
operator; 

a first switching element provided between the second 
node and the third node; 

a second switching element provided between the first 
node and the input-side node; 

a third switching element provided between the first 
node and the output-side node; and 

a fourth switching element provided between the third 
node and the output-side node. 

9. A reference voltage buffering circuit provided in 
a source driver circuit for driving a liquid crystal element 
of a liquid crystal module, wherein: 

the reference voltage buffering circuit comprises two 
buffering circuits arranged in parallel to each other between 
an input-side node for receiving an externally produced 
reference voltage as an input voltage and an output-side node 
for sending out an output voltage; and 

each of the buffering circuits includes: 

an operator for receiving the input voltage at one 
terminal and an output voltage of the operator itself at the 
other terminal, and operating so that the output voltage is 
equal to the input voltage; 
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a capacitor including a first electrode and a second 
electrode for storing a charge corresponding to a voltage 
difference between the input voltage and the output voltage; 

a first node connected to the first electrode of the 
capacitor; 

a second node connected to the second electrode of 
the capacitor; 

a third node for receiving an output signal from the 
operator; 

a first switching element provided between the second 
node and the third node; 

a second switching element provided between the first 
node and the input side of the operator; 

a third switching element provided between the first 
node and the output-side node; and 

a fourth switching element provided between the third 
node and the output-side node. 

10. The reference voltage buffering circuit of claim 
9, further comprising a closed circuit added to the second 
node, the closed circuit including therein a fifth switching 
element for compensating for an electric change in the second 
node due to switching of the first switching element. 

11. A method for controlling a reference voltage 
buffering circuit, including two buffering circuits arranged 
in parallel to each other, each of the buffering circuits 
including: an operator provided between an input-side node 
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and an output-side node for operating so that an output 
voltage is equal to an input voltage; a capacitor including a 
first electrode and a second electrode; a first node 
connected to the first electrode of the capacitor; a second 
5 node connected to the second electrode of the capacitor; a 
third node for receiving an output signal from the operator; 
a first switching element provided between the second node 
and the third node; a second switching element provided 
between the first node and the input side of the operator; a 

10 third switching element provided between the first node and 
the output-side node; and a fourth switching element provided 
between the third node and the output-side node, wherein: 

in each of the buffering circuits, in an output mode 
in which a reference voltage is output from the buffering 

15 circuit, the third and fourth switching elements are placed 
in a conductive state while the first and second switching 
elements are placed in a non-conductive state; and 

in a charge storing mode in which the capacitor of 
the buffering circuit stores a charge, the third and fourth 

20 switching elements are placed in a non-conductive state while 
the first and second switching elements are placed in a 
conductive state. 

12. The method for controlling a reference voltage 
buffering circuit of claim 11, wherein: 

25 the reference voltage buffering circuit further 

includes a closed circuit added to the second node, the 
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closed circuit including therein a fifth switching element 
for canceling out an electric change in the second node due 
to switching of the first switching element; and 

when the first switching element is switched between 
a conductive state and a non-conductive state from one to 
another, the fifth switching element is switched reversely in 
an interlocking manner. 

13. The method for controlling a reference voltage 
buffering circuit of claim 11 or 12, wherein: 

when switching from a state where one of the two 
buffering circuits is in the output mode while the other 
buffering circuit is in the charge storing mode to another 
state where the one buffering circuit is in the charge 
storing mode while the other buffering circuit is in the 
output mode, 

the third and fourth switching elements of the other 
buffering circuit are switched to a conductive state after 
the third and fourth switching elements of the one buffering 
circuit are switched to a non-conductive state. 

14. The method for controlling a reference voltage 
buffering circuit of claim 13, wherein: 

when the third and fourth switching elements of the 
one buffering circuit are switched to a non-conductive state, 
the third switching element is switched to a non-conductive 
state after the fourth switching element is switched to a 
non-conductive state? and 
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when the third and fourth switching elements of the 
other buffering circuit are switched to a conductive state, 
the fourth switching element is switched to a conductive 
state after the third switching element is switched to a 
conductive state. 
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ABSTRACT 

A source driver 4A arranged on a liquid crystal panel 
includes therein in-chip reference voltage wires 17 extending 
from one end to the other end of an LSI chip. The source 
driver 4A includes therein: branch reference voltage wires 
17a branching off from in-chip reference voltage wires 17; 
reference voltage production buffers 31; a control circuit 30 
for controlling the reference voltage production buffers 31; 
a reference voltage production resistor section 32 for 
subdividing the reference voltage into values of n steps; 
voltage level selection circuits 34 each for selecting one of 
the subdivided voltages; and output buffers 35. Since the 
reference voltages are supplied to each source driver 4 via 
wiring for connecting the in-chip reference voltage wires 17 
in series with one another, the wiring structure for 
supplying the reference voltages can be simplified. 
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